T HERE have been only a few reports in the literature concerning the oxidative metabolism of arterial tissue. 1 " 8 Maier and Haimovici 0 were the first to compare the oxidative capacity of different segments of normal rabbit aorta, using succinate and pphenylenediamine as substrates. Their results were reported as c. mm. O 2 consumed per mg. dry weight of tissue per hour. They demonstrated no significant difference between the oxygen consumption from the locations (arch, thoracic, abdominal) studied. Di Sabato and Comolli, 5 in the same year, reported figures for oxygen consumption by aortas from both normal and cholesterol-fed rabbits. Their results were expressed as c. mm. Oo per mg. DNA (deoxyribose nucleic acid) per hour. They reported that the oxidation of octanoate and acetoacetate by the aortas of cholesterol-fed rabbits was increased as compared with normal controls, while the oxidation of a-ketoglutarate was unchanged. They did not use succinate as a substrate, nor did thej r divide the aorta into segments to compare differences in location. The work of Fisher and Geller 8 is the only study of which the author is aware in which an attempt was made to compare metabolic activity of the arch, thoracic, and abdominal segments of normal and atherosclerotic rabbits. They reported that the aortic oxygen consumption in normal rabbits was lowest in the thoracic portion and not significantly different in the arch and abdominal segments. They also reported a depression of oxygen consumption in the aortas of cholesterol-fed rabbits.
In all previous investigations, the entire arterial wall, stripped of adherent fat and surrounding structures, has been used. Since there is such a large difference in the thickness of the aortic wall along its length, it has been very difficult to interpret differences between the metabolism of the aortic arch when compared with the thoracic and abdominal portions. The atherosclerotic process seems to commence in the intima and it would, therefore, be of prime importance in the study of atherogenesis to have data on the metabolism of intima separated from the smooth muscle and adventitial coats of arteries.
In the present investigation, a very thin layer of tissue from the internal wall of the artery was subjected to metabolic study. It seemed to the author that one could make more valid comparisons between the metabolism of tissue from different locations of the aorta of the same, or comparable, animals if one could strip away tissue of uniform thickness. This would be more likely to reflect metabolic differences of the intima than studies using the whole aortic wall.
The predilection of certain vascular sites for the development of atherosclerotic lesions provides a basis for selection of tissues for comparison with tissue obtained elsewhere in the same animal or from control animals. In the rabbit, the atherosclerotic lesions appear first and advance most rapidly in the arch of the aorta, with slower appearance and progression distally. In this study, the oxidative capacity of the intima from the three aortic locations (arch, thoracic, and abdominal) was measured in control and atherosclerotic rabbits. 
Methods
Adult, male Xew Zealand rabbits were divided into two groups. One group received a diet consisting of Purina chow pellets plus 10 per cent by weight Wesson oil (cottonseed oil). These animals served as controls. In the second group, cholesterol was emulsified in the Wesson oil before mixing it with the pellets. Thus, the oil consumption was similar in both groups, but the second group received, in addition, between 1 and 2 6m. of cholesterol dailj'. The control rabbits gained weight at a fast rate and continued to gain as long as they w T ere on the diet. The cholesterol-fed rabbits gained rapidly for six to eight weeks, after which the weight tended to level off. If kept on the diet longer than 18 weeks, they began to lose weight and later displayed a generally unhealthy appearance. All animals were sacrificed between the twelfth and sixteenth weeks. Atherosclerosis and cholesterolfatty livers were present in all cholesterol-fed animals, but in none of the control animals. As an additional control, several rabbits on a diet of rabbit chow pellets ad libitum were studied, and there was no apparent difference between these animals and oil-fed animals in the measurements reported in this paper, except that the rate of weight gain was faster in the latter group. For the studies reported here, the oil-fed animals were regarded as better controls.
The animals were killed by the insertion of a knife through the foramen magnum into the medulla oblongata. The removal of the aorta was performed in the cold (0 to 4 C.) room. Thereafter, the tissue was kept at 0 to 4 C. until placed in the Warburg bath for the manometric measurements. The separation of the intima was done while the tissue was stretched over an aluminum bar which rested in an ice bath. This proved to be an efficient way of keeping the tissue temperature under 4 C. If the preparation of the tissue took more than two hours after the animal's death, or the tissue was allowed to warm, the oxygen consumption dropped precipitously.
A technique was needed for separating for study the thinnest possible layer of tissue. In preliminary studies, slices had been made with a Stadie-Riggs microtome, but the slices were thicker than desired. The following method was then devised:
A no. 30 hypodermic needle on a Luer-Lok syringe was introduced under the thinnest possible film of tissue (intima side up) with the tissue under longitudinal tension. The forcible injection of cold physiological saline into the space made by the needle raised a bleb, and by advancing the needle, a dividing plane could be created using the saline as the dissecting agent. Grasping the thin layer raised by the saline, it could be stripped off by cutting with a razor blade any strands of tissue remaining between the two layers. The thin layer of tissue obtained in this manner was of uniform thickness from the aortic valves to the iliac bifurcation. It consisted of intima with some adhering media, but free of adventitia. The tissue was divided into three arbitrary portions. The portion from the iliac bifurcation to the diaphragmatic attachment was called "abdominal." The entire residual aorta to the aortic valves was exactly bisected and the cephalad portion was labeled "arch" and the caudad portion "thoracic."
The time from sacrifice of the animal to the start of incubation of the tissue was usuallv between 45 and 60 minutes. The incubation medium was Krebs-Ringer-phosphate buffer at pH 7.4. 9 Small Warburg vessels with a capacity of 6 to 7 ml. were used, and incubations were carried on at 37.2 C. The gas phase was always 100 per cent O 2 .
Results
Characteristics of Tissue Studied
Ideally, one would like to have a method for studying the metabolism of iutima as an isolated tissue, since this is the tissue in which atherogenesis occurs. The present investigation is an attempt to study intima by getting the thinnest possible, innermost layer lining the aorta. Although the tissue examined contained some smooth muscle, it is proposed that the differences in metabolism described were due to intimal changes for the following reasons:
1. llistologically, the tissue studied appeared to be uniform in thickness regardless of the portion of the aorta from which it was obtained. Microscopic examination of the tissue studied showed the same amount of smooth muscle in all portions, and absence of adventitia.
2. In several paired experiments, the uniformity of samples was examined. Rabbits from both control and cholesterol-fed groups "were sacrificed and their aortas stripped clean of surrounding structures and adherent fat. The intima was separated by the previously described technique. Both the intima and the residual aortic wall were divided into three portions (arch, thoracic, and abdominal), and the six samples from each rabbit were weighed and studied simultaneously. The measurement varied considerably from animal to animal in the cholesterol-fed group, depending upon the degree of lipid accumulation within the aortic wall. It can be seen, however, from table 1 that the tissue examined (intima) consisted of less than one-third of the total aortic wall thickness. Moreover, it had a greater concentration of nitrogen than the subjacent aortic wall. In addition, the oxygen uptake (/xM O 2 /Gm. wet weight/hour) for the intima in both groups was greater than the residual aortic wall. It is clear that the tissue studied represents a tissue with different composition and characteristics than the whole aorta. Table 2 shows the oxygen uptake of the intimal layer from the three portions of the aorta, and the stimulatory effect of several different substrates. The lack of respiration in the absence of added substrate and the great stimulation of Oo consumption in the presence of succinate are the two interesting findings. Briggs et al. 2 noted the marked stimulatory effect of succinate on respiration in whole rat aorta.
Substrate Differences

Effect of Location and Presence of Atherosclerosis
In table 3 it can be observed that there was no significant difference in oxygen consumption between the arch, thoracic, and abdominal portions of the control rabbit aorta.
However, there was a large significant difference between the oxygen consumption of the atherosclerotic aorta compared with that of the control aorta. The greatest increment occurred in the arch, where the disease is always more advanced. Indeed, the increase in oxygen consumption in the diseased arch was significantly greater than in the diseased thoracic and abdominal portions (as would be anticipated if this change is a function of the severity of the disease).
Discussion
All studies on aortic metabolism to date have utilized the entire arterial wall. By obtaining for study the thinnest possible, innermost layer lining the aorta, it is proposed that the differences in metabolism described in this report are due to changes in the intima. The large differences in oxygen consumption between the samples from control and atherosclerotic animals lends weight to this proposition, since the lesions are chiefly located in the intima.
Initially, oxygen consumption was measured and expressed "per gram wet weight of tissue. '' In the atherosclerotic aorta, where a considerable proportion of the wet weight is lip id (and almost all this lipid is in the intima), the oxygen uptake (/*.M O2/G111. wet weight/hour) was higher in the atherosclerotic arch (where the disease was most advanced) than in the more distal portions. This was an unexpected finding, since it might have been anticipated that the lipid (much of which is extracellular) represented metabolically inert weight. When tissue nitrogens were performed (method of Hiller et al. 10 ), it was found that the oxygen uptake, expressed as /iM/mg. N/hour, was considerably higher in the atherosclerotic intima.
The wet weight: dry weight ratio varied considerably from animal to animal. This was especially marked in the cholesterol-fed group. Moreover, neither wet nor dry weight is a representation of the amount of tissue in the sample in the cholesterol-fed group, since the amount of cholesterol in the samples is so very variable and so much of the cholesterol is actually extracellular. Consequently, only expressing the results per mg. tissue nitrogen (or per ing. DNA) gives a valid measurement for comparison.
The discrepancy between these studies and the report of Fisher and Geller 8 is probably due to the tissue examined. When the whole aortic wall is studied, a large proportion of the weight of tissue (especially in the arch) is adventitia, which has a very different oxygen uptake from intima.
It is clear from this study that the presence of an increased quantity of cholesterol in the aorta of rabbits is accompanied by an increased oxygen consumption. Whether this stimulation of oxygen consumption occurs before, or only after, the accumulation of lipid is not known, but it raises the question of why it occurs. This is currently under investigation.
Summary This investigation has been a comparison of the intimal metabolism of the aorta in normal and atherosclerotic rabbits, and at various aortic locations. The thinnest possible layer of tissue was separated from the inner surface of the aorta. This layer proved to be intima with a small and fairly constant amount of media (smooth muscle).
The intima from the animals rendered atherosclerotic by cholesterol-feeding showed a much higher rate of oxygen consumption than the controls when succinate was used as a substrate. Moreover, the most atherosclerotic area (the aortic arch) showed a higher oxygen consumption than the less atherosclerotic areas (the thoracic and abdominal areas). This acceleration of oxygen consumption is presumably due to either an increased energy requirement (for either accelerated synthesis or catabolism) or an uncoupling of oxidative phosphorylation.
